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HINGE-MOMENTCHARAC!FERISTTCSFORSEVERALTIPCONTROIS

ONA 600SWEFTBMX●DELTA

ByK.R. Czarnecki

WINGATMACHNUMBER

andDouglasR. Lord

SLMMARY

An investigationhasbeenmadeata Mach
.

Reynoldsnuuiberof4.2x 106todeterminethe
mmiberof

1.61

1.61.anda
hirwe-momentchsracter-

is~icsof seventipcontrolson a 60°sweptbackd=ltawing. Testswere
madeoveranangle-of-attackrangefromOo to 15°anda controldeflec-
tionrangefrom-30°to30°.

Theresultsindicatethatthemostimportantparameterindesigning
delta-whgtipcontrolsforlowhinge-momentcoefficientsistheratio
of control-surfacesreaaheadofthehingelinetototalcontrol-surface
area.Changesincontrolplanformorpartialshieldingof thebalance
areahaveonlysecondsxyeffects.Closelybalancedcontrolstendto
havemorenonli.nesrvariationsofhinge-momentcoefficientwithcontrol
deflectionthando controlshavinglessbalancearea.Closelybalanced
controlsalsohavea tendencytooverbalanceatnegativecontroldeflec-
tionsathighwinganglesof attack.Linesxtheorypredictsabouta
5 percentgyeaterbalance-areatototal-control-arearatiorequiredto
balancethecontrolhingemomentthanisrequiredexperimentally.

INTRODTX!TION

At transonic,andlowsupersonicspeeds,thehingemomentson
unbalancedcontrolsurfacesbecomeextremelylargebecauseof thelarge
increaseinthedynsmicpressure.A tendencyhasalsobeenobserved
forsometrailing-edgecontrolsurfacestoexhibitlossesandreversals
ineffectivenessattransonicspeeds.Onemesnsof cotiattingthese
difficultiesistheuseof tipcontrolsurfaces.Witha tipcontrol
surface,thehingelinemaybe locatedatanypositionalongtheroot
chordofthecontrolsothattheloadonthecontrolareaaheadof the
hingelinehelpstodeflectthecontrolendthusreducethehinge
moment.Thetipcontrolisalsolesssubjectto lossesandreversals
ineffectivenessthanisthetrailing-edgecontrol.

—

—.
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Free-flightandwind-tunneltests(refs.1 and2)
thattipcontrolsurfacesprovidesatisfactoryroll@g

NACARML52K28

haveindicated
effectiveness

throughoutthetransonic& lowsupersonicspeedran&s. Otherfree-
flighttests(ref.3)haveshownthatthehinge-linelocationon tip
controlsmaybe chosentobalancethehingemoments.

Aspartofa generalinvestigationof controls,a researchprogrsm
isunderwayintheLangley4-by 4-footsupersonicpressuretunnelto
determinetheimportantparametersinthedesignof controlsforuseon
a deltawingat supersonicspeeds.Theresultsincludedinthisreport
arethosefora seriesof interchangeabletipcontrolstestedona
600deltawingtodeterminetheeffectof controlplan$ormandhinge-
Mne locationonhinge-momentcharacteristicsat M . 1.61. Thehinge
momentsweremeasureddirectlybymeansof straingsgesandcontrol
effectivenessbymeansofpressuredistributions.Thecontrolswere
investigatedovera wingangle-of-attackrangefrom0° to120or150and
overa rangeof controldeflections,relativetothewing,from-300
to300. ThetestReynoldsnumber,basedonthewingmeanaerodynamic
chordof 12.10inches,was4.2x 106.

Inordertoexpeditetheptilicationoftheresults,onlycontrol
hhge-momentcharacteristicswillbe presentedinthispaper,because
muchtimeisrequiredforthereductionof thepressuredata.

SYMBCM

M Machnumber

R Reynoldsnuniberofwing,basedonwingmeanaerodynamicchord

q _ic pressure

a ~ angleofattack

5 controldeflectionrelativetowing(positivewhentrailing
edgeisdeflecteddown)

% totalcontroldeflectionfor

s controlplan-formarea

SB controlplan-formareaahead

— .—

two-controlsdeflectedasailerons

ofhingeline

E controlmeanaerodynamicchord

H controlhingemomentabouthingeline

.
*

? .-

●
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Ch controlhinge-momentcoefficient,H/qS5

Cha nethinge-momentcoefficientfortwocontrolsdeflectedas ‘
ailerons

()ach
c&. —au ata= 00, 5 = 00

()ac~
ch~= ~ at 5.00, CL=oo

APPARAm

WindTunnel

ThisinvestigationwasconductedintheLangley& by A-footsuper-
sonicpressuretunnelwhichisa rectangular,closed-throat,single-
returntypeofwindtunnelwithprovisionsforthecontrolof thepre:-
sure,temperature,andhumidityof theenclosedair. Changesintest-
sectionMachnumberareobtainedby deflectingthetopandbottomwalls
of thesupersonicnozzleagainstfixedinterchangeabletemplateswhich. havebeendesignedtoproduceuniformflowinthetestsection.The
tunneloperatingrangeisfromabout1/8to 2* atmospheresstagnation

. pressureovera nominalMachnuniberrangefrom1.2to 2.2.

Forthetestsreportedherein,thenozzlewallsweresetfora Mach
numberof 1.6. At thisMachnwnber,thetestsectionhasa widthof
4.5feetanda heightof 4.4feet.Duringthetests,thestagnation
pressurewasheldat 15poundspersq~e inchabsoluteandthedewpoint
waskeptbelow-20° F so that theeffectsofwatercondensationinthe
supersonicnozzlewere

Themodelusedin

negligible.

ModelandModelMounting

thisinvestigationconsistedof a half-deltawing
havingseveninterchangeablecontroisurfacesandvariousassociated-
contr=ladapters(orreplacementsections)requiredtofitthecontrols
tothebasicwing. A sketchofthebasicwingandsevencontrolconfig-

.-

urationsisshowninfigure1 withtheshadedareadenotingthemovable —
controlsurface.A photographofthewingand
tiththecontrolslocatedinapproximatelythe. figure1, ispresentedasfigure2.

controlconfigurations,
ssmerelationshipas in
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Thebasic
28.143inches,
NACA63-series

winghada 600sweptbackleadingedge,a rootchordof
anda semispenof10.475inches.Thewinghada blunt .—
nosesectionextending30percentrootchordbackfrom

theleadingedge,a constant-thickne=s-ce&ersection&th a thickness
ratioof 3 percentbasedon therootchard,anda sh~ trailingedge. 4
Nesrthewingtip,thenosesectionJoineddirectlytothetapered
trailingedgewithoutanyflatmidsection.ControlconfigurationsA,B,
C, andG hadthesamehinge-linelocations,butdifferentplanforms

—

aheadofthehingeline,anddifferentamountsof aerodynamicbalanchg —
area. ConfigurationsE,F, andG hadthessmeplanform,butdifferent
hinge-linelocationsad, hence,differentamountsofaerodynamicbalance.
ConfigurationsD andE were.alikeexceptfortheremovalof a portionof
thecontrolarearesx’wardofthehingelineon configurationD. Thessme ‘- ~
controladapterwasusedforconfigurationsD, E,F, andG. (Seefig.2.)

Thebasicwingandsomeofthecontrolswereof steelcoreconstruc-
tionwithbismuth-tinalJoysurfacesfairedtothedesiredcontoursover
thepressure-ttieinstallations.Theremainingcontrolconfigurations
andadaptersweresteelwiththepressure-tubeinstallationsmadeb
groovesintheswrfacewhichwerefairedover witha plasticmaterial.
Thelattermethodof constructionwasthemoresatisfactory,thesurface
beingsmootherandthepressure-tubeinstallationmorereliable.All.
screwholes,pits,sndmatinglineswerefilledwithdentalplasterand
fairedsmooth.Thegapatthewing-flappartinglinewasmaintainedat .-

~ -inch.
approxiwteW64

.

Thesemispancontrolwingwasmountedhorizontallyinthetunnel
froma turntableina steelboundary-layerbypassplatewhichwaslocated

*

verticallyinthetestsectionabout10 inchesfromthesidewallas
showninfigures3 and4. Thebjpassplatewasinstrumentedwith@ ori-

.-

ficesonthestresmsurfaceoftheplatesothatthecharacteristicsof
theflowovertheplatecouldbeestablishedpriortosndduringtesting

..

ofthecontrols.

TECHNIQUESANDTESTS

Themodelangleofattackwaschangedbyrotatingtheturntablesin
thebypassplateandinthetunnelwallinwhichthewingandwingroot
weremounted.(Seefig.3.) Thesingleofattackwasmeasuredby a
vernierontheoutsideof thetunnel,inasmuchastheangulardeflection
of thewingunderloadwasnegligible.Controldeflectionwaschanged
by a gearmechanismmountedonthepressureboxwhichrotatedthestrain-
gsgebalance,thetorquetube,andthecontrolas a unit. Thecontrol
anglesweresetapproximatelywiththeaidofan electricalcontrol-position“

●
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indicatornmunted
under10Sd during

onthetorquetubecloseto
testingwitha cathetometer

Centralhingemomentsweredetermhedby

5

thewingrootandmeasured
mountedoutsidethetunnel.

meansofan electrical
strain-gagebalancelocatedinthepressurebox (fig.3)whichmeasured
thetorqueonthetubeactuatir~thecontrolsurface.Interchangeable
strain-gagebeamshavingvariousloadrangeswereusedtoobtaingreater
accuracyforthecloselybalancedcontrols.Duringsomeofthetests,
whenthecontrolswereheavilyloaded,frictiondifficultieswereexperi-
encedinthehinge-momentmeasuringapparatus.Thefrictionevidenced
itselfas a formofhysteresisinthehinge-momentcurveswhendatawere
obtainedby approachingthesamecontrolsetthgsfromoppositedirections.
Checksforhysteresisweremadethroughoutthetests,andwheneverfric-
tionwasmanifest,checkpointswereobtainedby approachingcontrol
settingsfrombothdirectionsandfrictioneffectseUminatedby averagi~
thetwocurves.Forsomeoftheconfigurations,itwaspossibleto
reversethewingandflapanglesandobtaindataina regionof negligible
frictionasa check.Theresultsthusobtainedwereinverygoodagree-
mentwiththeaverageor friCtiQII-COZTeCted curves.

Tesix weremadeoveremangle-of-attackrangefromOo to 12°or15°,
at incrementsof either3° or60. Thecontrol-deflectionrangewasfrom
-300to 300,~~ ~ ficrementsofabout50. Thetestsweremadeat —
a tunnelstagnationpressureof 15poundspersquareinchcorresponding
toa Reynoldsnuniher,basedon themean
of 4.2X 106.

PRECISIONOF

aerodynamicchordof 12.10inches,

Calibrationsmadewithouta modelindicatethatthelocalMachnm-
bersoverthestreamsurfaceof theplateintheregionoccupiedbythe
modelarewithin~0.02of theaveragestreamMachnumberof 1.61.Flow
~ities arelessthanO.lo. Theestimatedaccuracyof other
pertinentquantitiesis

al ● ● . . . . ● . . . . . . . . . . . . . . ● . . . . . . . . . m .050
f5 . ● . . . ● . ● . .“. . ● . . . . . . . . . . . . . . . . . . M).lo
ch (correctedforfriction)..“.. . . . . . ~ . . . . . . . . . M.005



RESULTSANDDISCUSSION

HingeMoments

Thevariationofhinge-momentcoefficientwith
forthevariouscontrolconfigurationsispresented

NACARML52K28

.
.

.—
.

controldeflection
infigure5. It

shouldbe pointedoutthattheverticalscaleforthecurvesof config-
urationA (fig.5(a))is2.5timesthescalefortheremainingcontrol
configurations,configurationA havingmuchlargerhhge-momentcoeffi-
cientssinceitwastheonlycontrolhavingnobalanceMea aheadof the
hingeline.

—

Thegeneraltrendforallof thecurves,exceptthoseforconfig-
urationG, isa staticallystableorunderbaMmcedvariation,thatis,
a negativeincreaseinhinge-momentcoefficientfora poiitivehxrease
in controldeflection.ConfigurationG istheonlycontroltestedwhich
wasgenerallyoverbalancedfortherangeof a and b ofthetest.

At Oo angleofattack,thevariationofhinge-momentcoefficient
withcontroldeflectiontendstobe fairlylinearforeachof theseven
tipcontrols.As theangleofattackisincreased,thevariationof
hinge-momentcoefficientwithcontroldeflectionbecomesincreasingly —
nonlinesm.Forthecriticallyba~ce~ controls,thehinge-moment-coeffi-
cientresponsebecomesoverbalancedfor certainconditions,suchasat
negativecontroldeflectionsforconfigurationsD andF (figs.5(d) a

and5(f)).Theseregionsof Imitabilityareprobablya resultof smaU.
movementsofthecenterofpressureofthecontrolliftforce. — -.

.

Theunstablevariationofh~e-momentcoefficientwithnegative
controldeflectionathighanglesofattack,as exhibitedby someofthe--
configurations,liesina regionof specialinterestifthecontrolis
tobe usedasanelevator.An analysisofalJtheconfigurationsindi-
catesa possibilitythattheproblemofunstableh@ge momentsmay
becomemoreacuteatvaluesof u higherthm.thoseattainedinthis
investigation.Iftipcontrolsaretobe usedasailerons,however,the
unstablevariationsofhinge-momentcoefficientsfora singlecontrol
usuallyposelessof a problembecausethecombinedhinge-momentcoeffi-
cientsoftwoaileronsdeflectedinoppositedirectionsmaybe consider-
ablymorestableandinso,meinstancestheinstabilitymaybe enttiely
eliminated.Eothcasesareillustratedinfigure6 wheretheresultsfor
configurationsD andF,whichshowsomeunstablehinge-moment-coefficient_.
variations,arepresentedto indicatethecombinedhinge-momentcoeffi-
cientsofanoppositelydeflectedpairofailerons.Aile=onconfigura-
tionF showsonlya smallamountof instabilityatthehighangleof
attack(a= 120)andaileronconfigurationD showsa completelystable
variationofhinge-momentcoefficientwith 5 atall.valuesof G.
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Thevariationofhinge-nmmentcoefficientwithangleof attackat.
constantcontroldeflectionispresentedinfigure7 fortheseventip
controlconfigurations.He= egalntheverticalscaleforconfigura-
tionA is2.5timesthatfortheotherconfigurations.. (Itshouldbe
notedthatforconfigurationsinvestigatedatonlythreevaluesof a,
thefairingofthecurvesmaybe somewhatqualitative.)

Figure7 showsthatforconfigurationsA b F, thecurvesforthe
positivecontroldeflectionstendtohavethesameslopes;.whereasthe
curvesfornegativecontroldeflectionstendto convergeandsometimes
crossoveras a resultoftheregionsof overbalancewithcontroldeflec-

J tionpreviouslydiscussed.On controlconfigurationG,whichwasover-
balancedthroughouttherange,the“curvestendtohavethessmeslopes
fornegativecontroldeflections;whereasthecurvesforpositivecontrol
deflectionstendto convergewithincreasingsagleof attack.

SlopePsrsmeters

Theslopesof theexperimentalandtheoreticalhinge-moment-
coefficientcurvesarepresentedinfigure8 as*a functionof theratioof.
balancesreaor control-surfaceareaaheadof thehingelinetototal
controlarea. Theexperimentalslopevalueswereobtainedfromthecurves
of figures5 and7 at0° controldeflectionandOo angleof attack.The
theoreticalslopeswereobtainedbythelinear-theorymethodsusedin
references4 and5.

Fromtheplots,itcanbe seenthat# c% and c% usually falJon
straightlinesbothexperimentell.yandtheoretically,thusindicatinga
reasonablecorrelationon thebasisofbalance-areatotot~-control-
surface-sxearatio.Thelinesrtheoryalwayspredictsnmrenegative
valuesofhinge-moment-coefficientslopesthanthosefoundexperimentally
and,as a result,thetheoreticalpredictionforthepercentcontrolsrea
aheadofthehingelinenecessaryfora balancedcontrolisabout5 percent
greaterthanthatshowntobe requiredby experiment.Attemptsto improve
thecorrectionsby takingintoaccountthemomentofthebalanceareas
andereasrearwardof thehingelinewereunsuccessfulasweretheattempts
to findothersuitablep~ameters.In general,thesecond-ordereffects
ofplanform,whichareindicatedby thescatteroftheexperimental
pointsabouttheexperimentalcorrelationcurve,srepretictedquitewell
by thedirectionandanmuntof scatterofthetheoreticalpointsabout
thetheoreticalcorrelationcurve.

An ideaof themsgnitudeof someofthesecondaryeffectsof changes
inplsmformorhinge-linelocationcaneasilybeobtained.A comparison
of theslopesChb and C~ forconfigurationsB sndC, forexample,
showstheeffectof changingtheplanformof thebalancesrea. Thearea

8



8 NACA~ 1.52K28
..=..

rearwardofthehingelineinthesetwocontrolswasthessme,but
controlC,havinga greatermomentareaou itsslightlysmsJJ.erbalance v.

area,tendstogivelessnegative(morecloselybalanced)valuesof C%
and Chb thandoescontrolB. A pertofthisdifferenceinbalance .-
effectivenessmayalsobe ascribedtothepsrti.alshieldhgofthebalance
on configurationB. Nounusualeffectsduetomovingthehingeline with-
outchfmgingtheplanformcanbe discerned.IngeneraJ.,itmaybe con-
cludedonthebasisoftheseresultsthatthemostimportantsingle .—
parameterindeterminingthehinge-momentcharacteristicsof tipcontrols
ondeltawingsistheratioofbalanceareatototalcontrol-surfacesrea
whilechangesinplanformandpartialshieldingofthebalance=ea will.
(withfnthelimitsoftheconfigurationsinvestigatedhere)haveonly
secondaryeffects. —

Experimentalvaluesof Chb and C% fromthetestsofreference6
areshowninfigure8. Thesepointswereobtainedfroma tipcontrol
havinga planformstiilarto configurationF,buthavinga slightlymore
rearwardhinge-linelocation.Itcanbe seenthatthese~ints,which
wereobtainedintheLangley9-by l%inchsupersonicblowdowntunnelat
Machnumber1.62, arein’exce~entagreementwiththecorrelationdeter-
minedherein.An snslysisofhinge-momentdataobtainedon 600delta
wingsinfree-flighttestsat somewhatlower-hlachnumbers(refs.3, 7,
and8) indicatesgoodagreementwiththepresentresultsifthedataare
extrapolatedtotheproperMachnuniber.

—

.—

OptimumHinge-LineLocation —
b

lhmmthecurvespresentedinfigures5 to8, itis.possibleto
estimatetheopttiumhinge-linelocationfora tipcontrolona 60°delta
wingat M=l.61. Inordertoprovidesmallbutstablevariationsof
hinge-momentcoefficientwithcontroldeflectionandangleof attack,the
hingelinemaybe placedtogivea ratioofbalanceare~tototalcontrol-
surfaceareaofasmuchas0.35ifthecontrolistobe usedas an
aileron.Ifthecontrolistobe usedas anelevator,thentheratio
mustbe reducedtoabout0.30topreservestablehinge-momentvariation
atnegativecontroldeflectionathighanglesof attack.Ifmorelinear
hinge-moment-coefficientcharacteristicssre.desiredthanprovidedby
thosehinge-linelocations,thenthebalanceareasmust%estillfurther
reduced.Possiblythelinearityinhinge-moment-coefficientvariation
withcontroldeflectioncanbe improvedforthecloselybalancedcontroh
by theuseof chordwisefencesatthewing-controlpartingline.Sucha
linearizingeffecthasbeenfoundinthetestsofreference7.
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CONCLUSIONS

An investigationhasbeenmadetodeterminethehinge-momentcharac-
teristicsforseventipcontrolson a 600sweptbackdeltawingoveren
angle-of-attackrangefromOo to 150enda controldeflectionrangefrom

.-
-300to300. Analysisof theresultsofthesetests,whichwereconducted
ata Machnumberof1.61andata Reynoldsnumber
that:

1.Themostimportantpsrsmeterindesigning
hinge-momentcoefficientsistheratioof control

of 4.2x 106,indicated

tipcontrolshavinglow
sreaaheadofthehinge

-.

linetothetotalcontrolsrea.Chsmgesincontrolplanformorpsrtial
shieldingof thebalancehaveonlysecondsryeffects.

2. Closelybalancedcontrolstendto havemorenonlinearvariations
ofhinge-momentcoefficientwithcontroldeflectionthando controls
havinglessbalsncemea. Closelybalancedcontrolsalsohavea tendency
tooverbalanceatnegativecontroldeflectionsathighwinganglesof
attack.

3. Lineartheorypredictsthat5 percentmoreofthetotalcontrol
areamustbe ahesdofthehingelinetobalancethecontrolhingemoment
thanisrequiredexperimentally.

4.Approximately5 percentmoreof thetotalcontrol-surfaceareacan
be usedforbalancingpurposesifthetipcontrolssretobe usedas
aileronsthaniftheysretobe usedas elevatorsifa stablevariation
inthehinge-momentslopewithcontroldeflectionmustbe maintained.

LsngleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

Xey Field,Va.
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